. The all-optical control of polarization, where the polarization of a signal light pulse is controlled with another light pulse, may allow vastly improved switching rates, much higher than commercially available products.
Here, we use a strongly anisotropic nonlinear metamaterial based on a plasmonic gold nanorod array (Fig. 1) , fabricated via self-assembly technique over large macroscopic areas, to demonstrate ultrafast all-optical switching of polarization of transmitted light: more than amplitude than input states, as in the studied metamaterial, but increasing the sharpness of the resonance will allow the device to operate with both full phase shift and low insertion loss (the phase shift retrieved from the measurements is shown in Supplementary Fig. 2 ).
Furthermore, the observed effect could also be utilized in reflection, removing loss constraints experienced in transmission.
The transient transmission spectra (Fig. 2a) , measured for different time delays Δ between a white light signal and a 585 nm control light femtosecond pulse, show negligible changes in optical density Δ Δ Δ Δ 0 for the ordinary wave in the spectral range of interest. Conversely, a strong red-shift, approximately 10 nm, of the transmission minimum of the extraordinary wave is observed near the effective plasma frequency, followed by a fast recovery with a 3.4 ps time constant (Fig. 2a and Supplementary Fig. 3 ). This red-shift of the e-wave resonance and the associated phase change described above, confirmed experimentally in intensity at a wavelength of 700 nm in the cross-polarized state increases three-fold (Fig. 2b) .
The effect is so dramatic that the cross-and co-polarized signals effectively swap intensity level upon control action. With careful optimization, high contrast on-off states can be achieved.
The transmitted polarization ellipse can be directly retrieved from the measured intensity of the four different linear polarization components (see Supplementary Information). Experimental measurements and numerical simulations of the polarization ellipse changes are in good agreement (Fig. 3a) . Under control illumination, strong modulations of the polarization components at 700 nm are associated to rotations of the polarization ellipse of over 60 o (Figs. 3a,b,c) . The polarization state then relaxes back to the ground state polarization. At the wavelengths to the red and to the blue of the effective plasma frequency, positive and negative rotation angles are observed, respectively. The experimental rotation angles agree with the expected values obtained from the simulations (Fig. 3c) . The nonlinear effects not only modify the polarization ellipse orientation but also swap the handedness of the polarization of the transmitted light compared to the ground state in a given wavelength range ( Fig. 3a and Supplementary Fig. 4 ).
The angle of rotation of the transmitted polarization state can be further controlled at a given wavelength by altering the power of the control light (Figs. 4a,d ). This is due to the smaller phase changes obtained for decreased control intensities. Lower control intensity results in a smaller red-shift of the e-wave resonance of a finite width, where a larger redshift is required to achieve a phase shift for the broad resonance. Note that, in theory, interference effects can be used to achieve a metamaterial transmission coefficient that crosses exactly zero, even for lossy constituent materials, associated with an instantaneous phase shift. In practice, imperfections and inhomogeneity will always result in a non-zero transmission at a resonance, associated with a finite bandwidth required for the phase shift.
A more complex mechanism of self-induced nonlinear polarization changes of the transmitted light can also be observed. If the incident signal light is strong enough, the leading front of the pulse induces electron-temperature-dependent changes of the permittivity which in addition to a phase shift may lead to self-induced transparency or absorption output polarization components which are used to reconstruct polarization ellipses in Fig. 3 (cross-section indicated in (a)). Intensity of the pulse is given by its peak power density.
Data availability. All data supporting this research are provided in full in the results section and supplementary materials. The data that support the plots within this paper and other findings of this study are available from the corresponding author upon reasonable request.
